No comprehensive data are available regarding the frequency of breast biopsies performed during follow-up of treatment for invasive breast cancer.
W hen discussing initial surgical options for breast cancer, patients cite fear of having to endure the process of repeated breast biopsies and the associated stress related to the potential of another cancer diagnosis during follow-up for breast cancer as the reason for choosing mastectomy or bilateral mastectomy. 1 The continued increased risk for second breast cancers (local recurrence or second primary) after breast-conserving surgery (BCS) and radiotherapy is well known, with a rate of ipsilateral breast recurrence of 0.2% to 1.0% per year 2, 3 (dependent on biological subtype [4] [5] [6] [7] ) and a contralateral breast cancer incidence of approximately 0.6% per year. 8 The published literature remains unclear on how often patients treated for invasive breast cancer will require breast biopsies during follow-up. To address this knowledge gap and to better provide patients and multidisciplinary treatment teams with this type of information, the goal of this study was to determine how often biopsies are performed in follow-up after previous breast cancer treatment in 2 large complementary databases consisting of younger and older women with insurance. The rate of contralateral breast biopsy was estimated among patients initially treated with unilateral mastectomy. A secondary study goal was to determine how breast biopsies are related to patient demographics and initial breast cancer treatments.
Methods

Data Sources
We used the MarketScan Commercial Claims and Encounters database (Truven Health Analytics) to identify women younger than 65 years who had incident invasive breast cancer (International Classification of Diseases, Ninth Revision [ICD-9] diagnosis code 174.x) diagnosed from 2000 to 2011 using a modified claims-based algorithm (eTable 1 in the Supplement). 9 Health plans in this commercial insurance database include employer-sponsored, private, fee-for-service, and capitated insurance to employees and covered dependents. This longitudinal database tracks all patient-level inpatient and outpatient claims as long as the employees remain with their employers. The Surveillance, Epidemiology, and End Results (SEER)-Medicare database was used to identify incident cases of breast cancer in patients 66 years or older. The SEER database captures clinical, pathologic, and Medicare claims for incident cancers diagnosed in individuals who reside within 1 of the 16 geographic areas accounting for 26% of the US population. The case ascertainment is approximately 98%, and 93% of patients in SEER are successfully linked to Medicare claims. 10 This study was granted exempt status by the institutional review board of The University of Texas MD Anderson Cancer Center.
Study Participants
The cohorts were limited to patients with complete insurance coverage from 12 months before through 12 months after diagnosis to enable determination of prediagnosis comorbidity and to ensure that patients completed their initial breast treatment (breast surgery with radiotherapy and/or chemotherapy The SEER-Medicare cohort was limited to patients with T1 through T4 and N0 to N3 breast cancer using SEER breastadjusted American Joint Committee on Cancer, 7th edition, stages I, II, and III. 11 The analytic cohorts were further limited by excluding patients with a history of breast cancer and bilateral mastectomy. By using these criteria, we identified 41 510 patients from the commercial insurance database and 80 369 patients from the SEER-Medicare database. Current Procedural Terminology treatment and national drug codes were used as previously reported by Smith et al.
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Study Variables
Procedure codes were used to identify breast biopsies performed during follow-up. These biopsies were classified as surgical, percutaneous with image guidance (eg, stereotactic, ultrasonography-guided, magnetic resonance imagingguided, and not further specified), and percutaneous without image guidance (eTable 2 in the Supplement). The biopsy procedure was included if listed with a breast-related diagnosis for the claim or if listed as a breast-specific biopsy code. Subsequent treatment after biopsy was defined as a claim for breast surgery (lumpectomy, mastectomy), new systemic therapy, any radiotherapy within 3 months after the breast biopsy, and/or any combination of subsequent treatments (eTable 3 in the Supplement). The initial unilateral mastectomy treatment group was used to approximate the contralateral biopsy rate. Demographic covariates included age, ethnicity/race (only available in the SEER-Medicare cohort), health plan, and year of diagnosis. Severity of comorbid disease was based on a modified Charlson comorbidity index 11 derived from claims during the 12 months preceding diagnosis and grouped as 0 for none, 1 for mild, 2 for moderate, or 3 or higher for severe comorbidity. Additional treatment-related variables derived from claims included receipt of chemotherapy, trastuzumab, and adjuvant endocrine therapy.
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The last available claim date was used for the commercial insurance cohort to determine the end of follow-up. Final follow-up was completed on December 31, 2011.
Statistical Analysis
Data were analyzed from March 3 to October 3, 2017. Analyses were conducted using SAS software (version 9.3; SAS Institute) and assumed a 2-tailed α = .05. The primary outcome was the percentage of women who underwent breast biopsies during follow-up. For the secondary outcome, we examined associations between breast biopsies and patient age, health plan type, comorbidity, treatment year, and initial breast cancer treatment, including surgery, chemotherapy, trastuzumab, and endocrine therapy using Pearson χ 2 tests. Subsequent breast treatment after breast biopsy constituted another secondary outcome. The rate of breast biopsy was estimated using the KaplanMeier method (log-rank test) for the commercial insurance cohort, because survival status was not reported in this cohort, whereas cumulative incidence (Gray test) was used for the SEERMedicare cohort, considering the relatively high competing risk of death in this cohort of individuals 66 years or older. Patients in the SEER-Medicare cohort were censored at the last available medical care service date or death. We used Cox proportional hazards regression and Fine-Gray competing risk regression models 12, 13 to test the association between breast biopsy and subsequent breast treatment and adjusted for covariates identified a priori based on clinical significance and univariate analyses (P < .05). The proportional hazards assumption was confirmed by inspection of log (-log [survival]) curves. The SEERMedicare and commercial insurance data sets were assembled with different selection methods. Therefore, no statistical comparisons or inferences were conducted between these 2 groups. 
Results
Participant Characteristics
Biopsy Rates and Predictive Factors for Biopsy
Overall, a breast biopsy was performed during breast cancer follow-up in 4158 patients in the commercial insurance cohort (10.0%) and 9747 in the SEER-Medicare cohort (12.1%). In the commercial insurance cohort, a total of 3635 patients (8.8%) had at least 1 biopsy during follow-up and 523 (1.3%) had 2 or more biopsies. In the SEER-Medicare cohort, 8164 patients (10.2%) had 1 biopsy and 1583 (2.0%) had at least 2 biopsies. The 5-and 10-year estimated biopsy rates are 14.7% and 23.4%, respectively, for the commercial insurance cohort and 11.8% and 14.9%, respectively, for the SEER-Medicare cohort ( Table 2 ) and were associated with patient age and initial treatment characteristics (Figure and eFigure in the Supplement).
The 5-year estimated breast biopsy rate in the commercial insurance cohort was 10.4% among those initially treated with unilateral mastectomy compared with 16.7% after initial BCS with whole-breast irradiation (WBI), 24.0% after BCS with brachytherapy, and 22.0% after BCS alone. In the SEER-Medicare cohort, the estimated 5-year biopsy rates were 7.7% after initial mastectomy, 15.1% after BCS with WBI, 25.0% after BCS with brachytherapy, and 9.4% after BCS alone ( Figure) . Breast brachytherapy was associated with a higher risk of breast biopsy, with an estimated 5-year cumulative incidence of 24.0% in the commercial insurance cohort and 25.0% in the SEER-Medicare cohort vs 16.7% and 15.1% among patients treated with WBI in the respective cohorts (P < .001) (Figure) .
On multivariate analysis, brachytherapy vs WBI remained associated with an increased risk of subsequent biopsy in the commercial insurance (hazard ratio [HR], 1.53; 95% CI, 1.38-1.70; P < .001) and SEER-Medicare (HR, 1.76; 95% CI, 1.63-1.91; P < .001) cohorts ( Table 3) . Compared with WBI, having a unilateral mastectomy was associated with a reduced risk of subsequent biopsy for the commercial insurance (HR, 0.60; 95% CI, 0.56-0.64; P < .001) and SEER-Medicare (HR, 0.53; 95% CI, 0.50-0.55; P < .001) cohorts. Adjuvant chemotherapy remained associated with an increased risk for subsequent biopsy in the SEERMedicare cohort (HR, 1.31; 95% CI, 1.25-1.37; P < .001), whereas endocrine therapy was associated with reduced risk of subsequent biopsy in the commercial insurance (HR, 0.88; 95% CI, 0.82-0.93; P < .001) and SEER-Medicare (HR, 0.91; 95% CI, 0.85-0.97; P = .002) cohorts. Being older (vs age 66-69 years) remained associated with reduced biopsy risk in the SEER-Medicare cohort (HR for ≥85 years, 0.40; 95% CI, 0.36-0.44; P < .001). Charlson comorbidity index of at least 2 (vs 0) was associated with an increased biopsy risk in the commercial insurance cohort (HR, 1.27; 95% CI, 1.01-1.59; P = .04), whereas it was associated with a decreased biopsy risk in the SEER-Medicare cohort (HR, 0.91; 95% CI, 0.85-0.97; P = .01).
Subsequent Treatment After Biopsy
After biopsy, 1239 of 4158 patients (29.8%) in the commercial insurance cohort and 2258 of 9747 patients (23.2%) in the SEER-Medicare cohort underwent additional breast cancer treatment within 3 months of biopsy ( Table 4) . This treatment consisted of surgery alone in 723 patients (58.4%) in the commercial insurance cohort and in 1302 (57.7%) in the SEER-Medicare cohort. In the commercial insurance cohort, (Table 4) .
Discussion
In this comprehensive sample of younger and older women who completed their initial breast cancer treatment, the 5-and 10-year estimated overall incidence of breast biopsy were 14.7% and 23.4%, respectively, in the commercial insurance cohort and 11.8% and 14.9%, respectively, in the SEER-Medicare cohort. The risk of breast biopsy was significantly increased in both cohorts after initial brachytherapy and in the SEERMedicare cohort after adjuvant chemotherapy. Initial endocrine therapy and older patient age were associated with reduced biopsy risk. Higher comorbidity was associated with increased risk of biopsy in the commercial insurance cohort, whereas it was associated with decreased biopsy rate in the SEER-Medicare cohort. The overall biopsy rates provide an estimate of the patient-level rate of any biopsy (ipsilateral and contralateral biopsy); it cannot distinguish between ipsilateral and contralateral procedures. However, among patients receiving unilateral mastectomy, the estimated 10-year contralateral biopsy rates in these cohorts varied from 10.1% to 16.7%, indicating that a substantial number of invasive breast procedures will occur during follow-up of the contralateral breast. The present study represents, to our knowledge, the first comprehensive, population-based study on biopsy rates in follow-up after breast cancer treatment. Despite the considerable clinical and sociodemographic differences between the 2 nonoverlapping cohorts, we observed concordance in the results of our analysis. In both populations, brachytherapy was associated with increased risk of subsequent biopsy during follow-up of 53% in the commercial insurance cohort and 76% in the SEER-Medicare cohort, compared with the standard of practice of BCS with WBI. These synchronous findings among the 2 cohorts provide cross-validation that enhances the scientific validity of these findings. The higher biopsy rate after brachytherapy is likely explained in part by the difficulties encountered in the interpretation of surveillance mammograms after brachytherapy owing to seroma, fat necrosis, and scarring.
14-16 In addition, as routinely practiced in the United States, breast brachytherapy may also be associated with higher rates of subsequent cancer treatment, as suggested by data from the present study. Previous data from the SEERMedicare data set showed an increased subsequent mastectomy rate after brachytherapy compared with standard WBI, although the claims data are limited for confirming actual cancer recurrence. 15, 17 However, the results of several trials using interstitial brachytherapy show no difference in recurrence between strictly selected patients who underwent brachytherapy and those who underwent WBI. 18-23 After BCS alone, local recurrence rates are known to be increased. [24] [25] [26] [27] We also found that after BCS alone (compared with whole-breast radiotherapy), subsequent treatment after biopsy in the present study is concordant with this finding. 
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After unilateral mastectomy, the estimated biopsy rates during the first 5 and 10 years were 10.4% and 16.7%, respectively, in the younger cohort and 7.7% and 10.1%, respectively, in the older cohort. For patients who received a mastectomy, we assumed that the breast biopsy was performed on the remaining contralateral breast without cancer during follow-up. The mastectomy group thus served as a convenience sample to estimate the true contralateral biopsy rate. The estimated 10-year ipsilateral biopsy rate after BCS with WBI was 10.8% (27.5% minus 16.7%) for the younger cohort and 9.3% (19.4% minus 10.1%) for the older cohort.
The increased HRs of 1.31 after adjuvant chemotherapy and 1.24 after neoadjuvant chemotherapy in the SEER-Medicare cohort represent the more advanced disease stages, which are associated with a higher risk of local recurrence. Endocrine therapy has a protective effect on the local recurrence rate and contralateral breast cancer and was thus associated with a lower biopsy rate in both cohorts (HRs, 0.88 in the commercial insurance cohort and 0.91 in the SEER-Medicare cohort). Being younger was associated with an increased biopsy rate in the present study. Vapiwala et al 28 examined factors predictive of ipsilateral breast biopsy after BCS with radiotherapy in 193 treated breasts and found that the biopsy rate varied inversely with the age at the original diagnosis. This finding is consistent with the well-established correlation of younger age with a greater risk of local recurrence.
Houssami et al 27 identified age at the primary breast cancer diagnosis younger than 40 years as the strongest predictive factor of an invasive breast cancer diagnosed during follow-up (interval cancer) with BCS without radiotherapy, increased mammographic breast density, and first-degree family history of breast cancer. Systemic therapy of any type did not affect the risk of an interval breast cancer, whereas endocrine therapy reduced the risk for screen-detected invasive breast cancer and for ductal carcinoma in situ. Buist et al 29 followed up 17 286 women for up to 5 years and found that women with adjuvant hormonal therapy and those who were 80 years or older had the lowest rates of second events. findings that resulted in a biopsy with a yield of only 1 malignant neoplasm (0.3%), which was not enough to justify early mammograms. They recommended the first screening mammogram to be closer to 1 year, rather than 6 to 12 months.
Limitations
In interpreting results of this study, information regarding the side of the initial cancer treatment and subsequent biopsy is not available from these databases, and information regarding whether the biopsy was ipsilateral or contralateral was not definitively known except in cases in which the initial treatment was unilateral mastectomy. Notwithstanding, the information obtained from this study regarding overall rates (ipsilateral and or contralateral) of breast procedures that occur after treatment for breast cancer in younger and older patients is of value for discussions with patients and provides novel data regarding this subject for the literature. Second, the study is limited by the nature of claims data, which rely on the accuracy of codes and are not comprehensive of all clinician and patient characteristics. Third, the precision estimates degrade quickly in the commercial insurance cohort with increasing follow-up time owing to loss of patients. Subsequent treatments were assumed to occur within 3 months after breast biopsy, and these treatments were associated with cancer. Although the first 3 months after biopsy were used to report subsequent treatment, some patients might have had chemotherapy or endocrine therapy after this time frame. The definition of invasive cancer and radiotherapy were claims based and could be subject to misclassification bias. Definitions were, however, based on a previously validated algorithm and sought to maximize specificity. 9 Finally, for many women, surveillance for recurrence lasts longer than 10 years, and this study does not address lifetime rates of the need for breast biopsy after treatment.
Conclusions
In a comprehensive cohort of insured younger and older women, the estimated biopsy rate after breast cancer treatment varied from 14.9% to 23.4% and was followed by subsequent treatment for cancer in approximately 20% to 30% of patients. These data can be used in the context of therapyplanning discussions and to help establish survivorship expectations for patients with breast cancer.
